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INFORMATION PROCESSING APPARATUS
CAPABLE OF RECOGNIZING USER
OPERATION AND METHOD FOR
CONTROLLING THE SAME

BACKGROUND

1. Technical Field

The present disclosure relates to an information processing
apparatus that can recognize a user operation.

2. Description of the Related Art

A conventional apparatus can detect a hand area that
includes a user’s hand from an image captured by a visible
light camera or an infrared ray camera and can recognize a
gesture operation based on the movement and the position of
the detected hand. The above-mentioned conventional appa-
ratus can recognize a gesture operation performed against the
apparatus and identify an instruction content based on a com-
parison between a user’s hand movement that can be recog-
nized by chasing the hand area and various gesture patterns
registered beforehand in association with respective instruc-
tion contents. To identify a portion to be compared with a
gesture pattern, in the hand movement that occurs in the angle
of' view ofthe visible light camera or the infrared ray camera,
it is general to start chasing the hand area (start recognizing
the gesture operation) when the hand enters a specific area.

As discussed in Japanese Patent Application Laid-Open
No. 2003-216955, when a user performs a gesture operation,
it is conventionally known to set a specific area to be used to
recognize the gesture operation in the vicinity of a region
where a hand is possibly present, based on at least one of a
horizontal width, a vertical length, and an area of a human
face portion extracted from a moving image. The specific area
to be set to recognize a gesture is referred to as a gesture
recognition area.

The gesture recognition area is required to be sufficiently
large to accommodate all of hand movements sequentially
occurring during the gesture operation. On the other hand, if
the gesture recognition area is excessively large, the user is
required to perform an exaggerated action to remove the hand
from the gesture recognition area before starting the next
gesture operation.

In particular, when the user performs a gesture operation
that relates to a target object (e.g., a virtual object or a physical
object), the size of the range in which the user moves the hand
tends to be influenced by the size of the target object. Accord-
ingly, the user’s exaggerated action to be performed to return
to an initial state may be recognized as an unnatural move-
ment. The operability decreases significantly.

According to the technique discussed in Japanese Patent
Application Laid-Open No. 2003-216955, atthe present posi-
tion of the user, it is feasible to set a gesture extraction area
that is comparable to an area in which each user’s hand is
possibly present. However, the size of an area that is suitable
for each gesture operation to be performed is not taken into
consideration.

SUMMARY

According to an aspect of the present invention, an infor-
mation processing apparatus can recognize a gesture opera-
tion performed by a gesture object based on an image
obtained by an imaging unit that captures an image of a
predetermined area. The information processing apparatus
includes an acquisition unit configured to acquire positional
information about a target object that is present in the prede-
termined area, and a setting unit configured to set a partial
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2

area of the predetermined area, which corresponds to the
positional information about the target object acquired by the
acquisition unit, as a gesture recognition area of at least one
gesture operation that corresponds to the target object. The
information processing apparatus further includes a recogni-
tion unit configured to recognize the gesture operation per-
formed by the gesture object based on a partial portion of the
image obtained by the imaging unit, which corresponds to the
gesture recognition area set by the setting unit.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, and 1C illustrate examples of hardware and
software configurations of an information processing appa-
ratus and an appearance thereof.

FIGS. 2A and 2B are tables illustrating examples of gesture
operations that can be recognized by the information process-
ing apparatus, in addition to relevant information.

FIG. 3 is a flowchart illustrating an example flow of main
processing in which the information processing apparatus
recognizes a gesture operation.

FIG. 4 is a flowchart illustrating an example flow of pro-
cessing that can be performed by the information processing
apparatus to set a recognition area with reference to a target
object and a user position.

FIG. 5 is a flowchart illustrating an example flow of pro-
cessing that can be performed by the information processing
apparatus to detect the state of a hand.

FIGS. 6A to 6D are flowcharts each illustrating an example
flow of processing that can be performed to set a recognition
area that is appropriate for each estimated operation.

FIGS. 7A to 7D illustrate an example of a “reversing”
operation.

FIGS. 8A to 8D illustrate examples of the recognition area
in the case where a “page turning” operation is estimated.

FIGS. 9A to 9D illustrate examples of the recognition area
in the case where the “page turning” operation is estimated.

FIGS. 10A, 10B, and 10C illustrate an example of opera-
tional states of the “page turning” operation.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described in detail below with reference
to the drawings.

Constituent components described in the following exem-
plary embodiments are mere examples. The scope of the
present invention should not be limited to these examples.

Ina firstexemplary embodiment, an area in which a gesture
operation is extracted is not fixed and is set to have a size that
is comparable to each gesture operation that may occur occa-
sionally.

Further, the processing to be performed in the first exem-
plary embodiment includes estimating an operation that a
user wants to perform beforehand in recognizing a gesture
operation relating to a target object. Then, the processing to
be performed in the first exemplary embodiment includes
setting a gesture recognition area that is suitable in both size
and position for a gesture operation that will be possibly
performed next in relation to the target object (i.e., an esti-
mated gesture operation). Hereinafter, the above-mentioned
processing will be described in detail below.

In the following description, the gesture recognition area is
an area to be used to determine that a gesture operation has
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been started from start time of detecting an object (e.g., user’s
hand), which can be used in the gesture operation, in the
gesture recognition area. In the following description, the
object that can be used for a gesture operation is referred to as
a gesture object. Further, the processing to be performed in
the first exemplary embodiment includes determining that the
gesture operation has been completed when the gesture object
exits from the gesture recognition area. Further, the process-
ing to be performed in the first exemplary embodiment
includes recognizing a gesture operation, if a sequential
movement of the gesture object, from a start time of the
gesture operation to an end time of the gesture operation, is a
predetermined movement that has been stored beforehand.

More specifically, an information processing apparatus
according to the present exemplary embodiment tracks the
movement of the gesture object in the gesture recognition
area and, recognizes that a gesture operation associated with
a predetermined movement has been input if the tracked
movement is the same as the predetermined movement. In the
following description, the gesture recognition area may be
simply referred to as the recognition area. In the present
exemplary embodiment, the user’s hand is an example that is
usable as the gesture object. A stylus or any other tool is
usable similarly.

FIG. 1A illustrates an example of the appearance of an
information processing apparatus 100 according to the
present exemplary embodiment. In the present exemplary
embodiment, the information processing apparatus 100 can
display a projection image that includes a display object 101
(e.g., a button or an icon) dedicated to a user interface that
enables a user to touch to perform an input operation with a
projector 103 placed above an operation plane 102.

Further, the information processing apparatus 100 includes
a camera 104 placed above the operation plane 102. Accord-
ingly, the information processing apparatus 100 can recog-
nize a user operation based on an overhead view of a video
captured by the camera 104. Further, the information process-
ing apparatus 100 can capture an image of a target object 106,
for example, a background object, placed on the operation
plane 102 to obtain image data.

An example of the target object illustrated in FIG. 1A
includes a book 106 placed on the operation plane 102. In the
following description, an image capturing operation to be
performed by the camera 104 to obtain image data that rep-
resents the content of the target object, for example, a physi-
cal object such as a paper or abook, is referred to as “reading.”
Further, the information processing apparatus 100 includes a
distance sensor 105 that can detect a distance between the
gesture object and the operation plane 102.

If the gesture object can be detected within a predeter-
mined distance from a surface of the operation plane 102, the
information processing apparatus 100 determines that the
operation plane 102 is currently touched. In the present exem-
plary embodiment, the position of the target object or the
user’s hand can be defined in relation to the operation plane
102 using a coordinate system illustrated in FIG. 1A. The
coordinate system has an origin with an x axis and a y axis
perpendicular to each other and respectively extend from the
origin as shown in FIG. 1A.

In the present exemplary embodiment, the information
processing apparatus 100 can recognize a user’s gesture
operation based on an image captured by the camera 104. In
particular, the information processing apparatus 100 can rec-
ognize a user operation as a gesture operation if the user
operation is performed against the target object placed on the
operation plane 102.
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4

For example, if the user turns a page of the book 106, the
information processing apparatus 100 recognizes a hand
movement of the user as a gesture operation that instructs
reading each spread page. If the information processing appa-
ratus 100 recognizes the termination of the user’s turning
movement as an operation termination, the information pro-
cessing apparatus 100 performs reading processing to obtain
image data of the turned spread page.

In the present exemplary embodiment, the projector 103
can project or display an image based on the image data
having been read as mentioned above on the operation plane
102. The projector 103 may also project the image together
with a thumbnail image thereof on the operation plane 102. If
the image projected on the operation plane 102 is the target
object, the information processing apparatus 100 recognizes
a hand movement occurring in the left direction or the right
direction (i.e., a swiping gesture) on the displayed image as a
gesture operation that instructs forwarding the image.

The information processing apparatus 100 changes image
to be displayed successively after each gesture operation has
been recognized. In the following description, a gesture
operation performed against a physical object (e.g., abook) or
a virtual object (e.g., displayed image data) as mentioned
above is referred to as a gesture operation relating to the target
object. In the present exemplary embodiment, the “book”
includes a plurality of papers that constitute a plurality of
pages. When a closed page of the “book” is turned, the content
of the turned page can be viewed or read.

FIG. 1B illustrates a hardware configuration of the infor-
mation processing apparatus 100 according to the present
exemplary embodiment. In FIG. 1B, a central processing unit
(CPU) 111 can execute a control program of the information
processing apparatus 100 to perform calculation processing
and logical determinations in such a way as to realize various
types of processing. The CPU 111 can control each constitu-
ent component connected to a system bus 115 in the informa-
tion processing apparatus 100.

A read only memory (ROM) 112 is a program memory that
stores programs relating to various controls to be performed
by the CPU 111. The programs stored in the ROM 112
include processing procedures illustrated in the following
flowcharts. A random access memory (RAM) 113 is usable as
a work area for the CPU 111, a data save area in case of error
processing, and a load area into which the above-mentioned
control program can be loaded.

A storage device 114 includes a hard disk drive that can
store data and programs relating to the present exemplary
embodiment or an external storage device connected to the
information processing apparatus 100. The display apparatus
103 includes, for example, a display device or a projector that
can display electronic data that represent display objects and
images. In the present exemplary embodiment, the display
apparatus 103 includes a liquid crystal projector.

In the present exemplary embodiment, the camera 104 is
placed above the operation area in such a way as to capture a
plan view image. The camera 104 is an imaging unit that is
configured to capture an image of an object or an input image.
The distance sensor 105 includes, for example, an infrared ray
sensor. The distance sensor 105 can detect a user’s touch
operation, if it is performed on the operation plane 102, based
on the distance between the gesture object (e.g., user’s hand)
that the user uses in the operation and the operation plane 102.

The information processing apparatus 100 according to the
present exemplary embodiment includes the display appara-
tus 103 and the camera 104 as built-in apparatuses. Alterna-
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tively, the display apparatus 103 and the camera 104 can be
externally connected devices that can be controlled by the
CPU 111.

FIG. 1C is a block diagram illustrating a functional con-
figuration of the information processing apparatus 100
according to the first exemplary embodiment. For example,
when the above-mentioned software processing to be per-
formed by the CPU 111 is replaced by a hardware configu-
ration, itis useful to provide calculation units and circuits that
correspond to the above-mentioned functions (i.e., process-
ing units).

An imaging unit 120 includes the camera 104 and the CPU
111. The imaging unit 120 is positioned above the operation
plane 102 and can acquire an image of a predetermined area
(i.e., an imaging area) of the operation plane 102. Further, the
imaging unit 120 can read a target object that is a physical
object (e.g., a paper or a book) placed on the operation plane
102. The space that can be imaged by the imaging unit 120
(i.e., the space extending from a lens of the camera 104 to the
operation plane 102) is referred to as a working space in the
following description. A two-dimensional range that can be
on the camera 104, when an image of the working space is
captured by the camera 104, is referred to as an imaging area.

The imaging unit 120 is continuously operable to periodi-
cally capture an image of the working space. Detecting a
movement of an imaging target is feasible by comparing a
plurality of images that are sequentially captured. In the
present exemplary embodiment, the imaging unit 120 per-
forms an image capturing operation dedicated to the reading
processing independently of an image capturing operation
that is periodically performed.

However, one of a plurality of images obtained through
periodical image capturing operations can be used as an
image dedicated to the reading processing. Further, it is useful
to acquire an image dedicated to the reading processing based
on a plurality of images obtained through a plurality of image
capturing operations. A range that can be imaged by the
camera 104 is referred to as a reading area. However, in the
present exemplary embodiment, it is presumed that the size of
the operation plane 102 is substantially equal to the size of the
reading area.

A detection unit 121 includes the CPU 111, which can
execute a program and process data loaded into the RAM 113
from the ROM 112. The detection unit 121 can detect a
detection target present in the working space based on an
image captured by the imaging unit 120. The detection target
in the present exemplary embodiment includes a user’s hand,
a physical object that is a target to be processed in object
reading processing, or a displayed virtual object. However,
when the image data projected as a target object is a virtual
object, it is unnecessary to detect a captured image.

For example, the processing for acquiring projection image
data from the display control unit 128 or the processing for
acquiring flag information that indicates whether the projec-
tion image includes a virtual object that can be a gesture
operation target can be replaced by the detection based on the
captured image. In the present exemplary embodiment, the
detection unit 121 performs target detection processing
according to a background difference method that uses an
image captured by the imaging unit 120 and an initial image
captured beforehand in an initial state (i.e., the working space
in which the detection target is not present). The detection
unit 121 can detect a partial area of the input image that
includes a moving object having appeared in the working
space based on a difference between the initial image that
serves as a background and an input image captured by the
imaging unit 120.
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Further, the detection unit 121 can detect whether at least a
part of the moving object included in the detected area is
stationary based on a difference between sequentially cap-
tured input images. In the present exemplary embodiment, the
detection unit 121 performs matching processing on an area
not including an image of the moving object in the initial
image, but including the image of the moving object having
appeared in the working space in the subsequent captured
image, with reference to a human hand shape model having
been stored beforehand. If likelihood of the matching is
higher than a predetermined value, the detection unit 121
determines that the processed area is an area in which the
user’s hand is included.

On the other hand, the detection unit 121 determines an
area not including a image of the moving object in the initial
image, but including in a subsequently captured image the
image of the moving object currently stationary after the
moving object has appeared in the working space as a target
physical object subject to the object reading processing or an
area in which a displayed virtual object has been detected.

Through the above-mentioned processing, the detection
unit 121 can acquire positional information about the target
object present in the working space. The detection unit 121
can also acquire positional information about the virtual
object when the detection unit 121 obtains projection image
data from the display control unit 128. When the detection
unit 121 performs the above-mentioned processing, it may be
referred to as “detecting the user’s hand” or “detecting the
target object” in the following description. The detection unit
121 continuously performs the processing for detecting the
user’s hand regardless of the position of the gesture recogni-
tion area that is present in a predetermined imaging area.

An identification unit 122 includes the CPU 111 which can
execute a program and process data loaded into the RAM 113
from the ROM 112. The identification unit 122 can identify
the type of the target object detected by the detection unit 121.
More specifically, the identification unit 122 can identify
whether the target object is a paper, a book, or a projection
image based on a matching between image information about
a partial area of the captured image that includes the target
object, thickness information about the target object detected
by the distance sensor 105, and a sample model stored before-
hand.

Inthe present exemplary embodiment, the paper includes a
piece of paper that is not folded. For example, the paper can be
an ordinary paper having a normal size of A4 or B5 or a
non-regulated printed product such as a receipt paper or a
memo paper. The identification unit 122 can determine that
the target object is a paper if the thickness of the target object
is negligible, or when the result of image feature analysis
indicates that a spine is not present, or when a staple or any
other fixing member is not used to stitch the target object.

Further, the identification unit 122 can determine that the
target object is a book if the thickness of the target object is
equal to or greater than a predetermined value, or when the
result of image feature analysis indicates the presence of the
spine of the book. The identification unit 122 can identify the
target object as a part of the projection image based on a signal
obtained from the display control unit 128. The detection unit
121 stores positional information about the identified target
object in the RAM 113.

The specitying unit 123 includes the CPU 111 which can
execute a program and process data loaded into the RAM 113
from the ROM 112. The specitying unit 123 can identify the
position and the state of the user’s hand detected by the
detection unit 121 in relation to the target object detected by
the detection unit 121. However, the processing to be per-
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formed by the specifying unit 123 starts in response to a
detection of the target object by the detection unit 121. More
specifically, the specifying unit 123 starts its processing when
a part of the moving object having been inserted in the work-
ing space is detected as being stationary.

The specifying unit 123 specifies the direction of the user
based on an insertion direction of the user’s hand detected by
the detection unit 121 on the image captured by the imaging
unit 120. Then, the specifying unit 123 defines the relation-
ship of the specified direction of the user and the coordinate
system. The specifying unit 123 identifies the position of the
user’s hand relative to the target object detected by the detec-
tion unit 121 with reference to the defined direction, or the
position at which a specific portion, such as a fingertip of the
user’s hand, is present (e.g., at a contour of the target object)
and identifies the state of the user’s hand.

The specifying unit 123 can identify the state of the user’s
hand, for example, using a hand model that corresponds to a
characteristic state, such as “gripping target object” state or
“pressing target object” state. The specifying unit 123 can
specify the present state of the user’s hand using matching
processing that is similar to the processing having been per-
formed by the detection unit 121 to detect whether the moving
object is a human hand.

The estimation unit 124 includes the CPU 111, which can
execute a program and process data loaded into the RAM 113
from the ROM 112. The estimation unit 124 can estimate an
operation that will be possibly performed by the user. In this
case, based on an operation dictionary stored in the storage
unit 127, the estimation unit 124 specifies the type of the
target object identified by the identification unit 122 and an
operation associated with information specified by the speci-
fying unit 123. The estimation unit 124 generates an estima-
tion result based on the specified result. Then, by referring to
the operation dictionary, the estimation unit 124 can estimate
area information associated with the estimated operation as a
gesture area that is suitable for a gesture operation that will be
possibly performed next. Then, the estimation unit 124 iden-
tifies information that indicates the area.

The setting unit 125 includes the CPU 111, which can
execute a program and process data loaded into the RAM 113
from the ROM 112. The setting unit 125 can set a gesture
recognition area that is usable to recognize a gesture opera-
tion. In the present exemplary embodiment, in an initial state
immediately after a power source of the information process-
ing apparatus is turned on, the setting unit 125 sets an area that
can encompass the entire region of the operation plane 102 as
the gesture recognition area.

Then, if the identification unit 122 identifies a target object
other than the user’s hand, the setting unit 125 sets a new
gesture recognition area in a peripheral region of the identi-
fied target object. The predetermined recognition area to be
set in this case is an area having size and position that are
comparable to those of the target object. More specifically,
the setting unit 125 performs a gesture recognition area set-
ting operation in such a way as to encompass a circumscribed
rectangle of the target object.

Further, a coordinate system to be employed to define the
direction of a user’s gesture is defined based on the direction
of'ahand (or an arm) at the time when the user has inserted the
target object into the working space. However, if the object is
a virtual object (e.g., a projection image), it is feasible to add
appropriate modification that can be defined based on the
projection direction. Further, the setting unit 125 can set at
least a part of the predetermined imaging area of the imaging
unit 120 as the gesture recognition area, based on information
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8

indicating the gesture area suitable for the gesture operation
having been estimated by the estimation unit 124.

The recognition unit 126 includes the CPU 111, which can
execute a program and process data loaded into the RAM 113
from the ROM 112. The recognition unit 126 can track a
movement of the user’s hand in the gesture recognition area
having been set by the setting unit 125 and recognize an
operation based on the movement of the user’s hand. More
specifically, the recognition unit 126 identifies an operational
command that corresponds to the tracked hand movement.
More specifically, the recognition unit 126 tracks a sequential
movement of the user’s hand from a gesture start time when
the detection unit 121 first detects the user’s hand in the
gesture recognition area to a gesture end time when the user’s
hand has exited from the gesture recognition area.

Then, the recognition unit 126 performs matching process-
ing on the tracked movement of the user’s hand with refer-
ence to each gesture model stored in advance in the storage
unit 127. The recognition unit 126 identifies an operational
command that is associated with the model whose matching
result satisfies a given condition. The operational command
is, for example, an instruction to cause the imaging unit 120 to
perform reading processing or an instruction to cause the
display control unit 128 to change the display content.

However, in the present exemplary embodiment, the rec-
ognition unit 126 determines that “the detection of the user’s
hand has been started in the gesture recognition area” if the
user’s hand is already present in the recognition area when the
recognition area is set.

Further, when the user’s hand movement is tracked in the
present exemplary embodiment, the recognition unit 126
obtains a centroid position of an area that includes a palm of
the user in an image captured by the imaging unit 120. Then,
the recognition unit 126 recognizes a change of the centroid
position as a positional movement of the user’s hand, based
on the fact that the movement of the centroid position is
relatively stable compared to a modification of the area that
includes the palm of the user. However, the target to be
tracked is not limited to the above-mentioned centroid and
can be the entire area that encompasses the palm ofthe user or
can be a center point or any other feature point.

Further, the recognition unit 126 according to the present
exemplary embodiment can recognize a user’s touch opera-
tion that can be performed by touching the operation plane.
The recognition unit 126 can recognize the position touched
by the user based on positional information of a fingertip,
which is included in the user’s hand detected by the detection
unit 121, and the output signal of the distance sensor 105.

When the recognition unit 126 recognizes a touch opera-
tion performed on the operation plane, the recognition unit
126 tracks a fingertip position of a stretched user’s finger in
the area that includes the palm of the user, which is included
in the image captured by the imaging unit 120, during a period
of time from touch to release on the operation plane. The
recognition unit 126 recognizes the locus of the above-men-
tioned tracking operation as the movement of the user’s finger
during the touch operation.

The storage unit 127 corresponds to the storage device 114.
The storage unit 127 stores the operation dictionary to be used
in the processing according to the present exemplary embodi-
ment and information about gesture models associated with
respective operational commands. The gesture model is infor-
mation about a reference model that can be referred to with
respect to the change of position and the change of shape
during a period of time from start to end of the detection of the
user’s hand in the gesture recognition area.
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The display control unit 128 includes the CPU 111, which
can execute a program and process data loaded into the RAM
113 from the ROM 112. The display control unit 128 can
generate a display image to be output to the display unit 129
according to an operational command instruction recognized
by the recognition unit 126.

The display unit 129 includes the display apparatus 103
and the CPU 111. The display unit 129 can display a display
image generated by the display control unit 128 on the opera-
tion plane. In the present exemplary embodiment, the display
apparatus 103 is a projector. Therefore, the display unit 129
can perform display processing by projecting the image on
the operation plane.

FIG. 2A illustrates a table that lists examples of operation
contents that can be recognized in the present exemplary
embodiment. The operations included in the table illustrated
in FIG. 2A are not limited to gesture operations and can be
touch operations or preparatory operations prior to the ges-
ture operations. In an item 204, each operation suffixed with
a white circle “0” is the “gesture operation” whose opera-
tional command can be specified based on a sequential move-
ment of the user’s hand performed in the gesture recognition
area from detection start to detection termination in the
present exemplary embodiment. Regarding respective ges-
ture operations, association information that associates a
model indicating a hand movement 201 with a command
indicating instruction content 202 is stored in the storage unit
127. The recognition unit 126 can recognize these gesture
operations by referring to the above-mentioned association
information.

For example, in the present exemplary embodiment, as
mentioned above, when a book that serves as the target object
is placed on the operation plane, the information processing
apparatus 100 recognizes a hand movement to turn a page of
the book as a gesture operation and reads a double-page
spread each time the page is newly turned. In the following
description, the above-mentioned gesture operation is
referred to as the “page turning” operation.

Further, in the present exemplary embodiment, the infor-
mation processing apparatus 100 recognizes a user’s hand
movement that causes a target object (e.g., a paper, a book, or
projected image data) to move or rotate as an operation per-
formed by the user. The information processing apparatus
100 resets the recognition area with reference to the position
and the direction of the target object having been moved or
rotated, because the position at which a gesture operation
relating to the target object is performed will shift signifi-
cantly in response to a positional change of the target object.
In the present exemplary embodiment, the above-mentioned
user’s hand operations are referred to as “paper moving”,
“book moving”, and “(image data) dragging” operations,
respectively. In other words, these operations are preparatory
operations prior to the gestures to be performed next.

Further, in the present exemplary embodiment, the infor-
mation processing apparatus 100 recognizes a user’s hand
movement that reverses a paper as a gesture operation. When
the user’s paper reversing operation has been completed,
more specifically, when the state of the reversed paper is
stationary, the information processing apparatus 100 per-
forms reading processing. In the present exemplary embodi-
ment, the above-mentioned gesture operation is referred to as
a “reversing” operation.

Further, in the present exemplary embodiment, the infor-
mation processing apparatus 100 recognizes a movement of
the user’s hand as a gesture operation if the user’s hand moves
in the left direction (i.e., from the right to the left or in the right
direction (i.e., from the left to the right) above the projected
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image data. In response to the gesture operation, the informa-
tion processing apparatus 100 changes the displayed image
data.

In the present exemplary embodiment, if the user’s hand
moves in the left direction, the information processing appa-
ratus 100 displays a rearward part of a plurality of pieces of
stored image data, which is positioned according to a prede-
termined display order. If the user’s hand moves in the right
direction, the information processing apparatus 100 displays
a forward part of the plurality of pieces of stored image data,
which is positioned according to the predetermined display
order. In the present exemplary embodiment, the above-men-
tioned gesture operations are referred to as a “left swiping”
operation and a “right swiping” operation, respectively.

Further, in the present exemplary embodiment, the infor-
mation processing apparatus 100 recognizes a multi-touch
operation (i.e., a touch operation with two or more touch
points on projected image data) as an instruction to modify
image data. The modification of the image data includes
enlargement, reduction, and rotation of the image. Then, the
information processing apparatus 100 resets the recognition
area with reference to the size, the position, and the direction
of the modified image data, because the position at which a
gesture operation relating to the image data is performed will
shift significantly in response to a modification of the image
data. In the present exemplary embodiment, each of the
above-mentioned multi-touch operations is referred to as an
“image modifying” operation. In other words, the above-
mentioned operation is a preparatory operation prior to the
gesture to be performed next.

The operations listed in FIG. 2A are mere examples. The
information processing apparatus 100 according to the
present exemplary embodiment can store the operation dic-
tionary that includes the above-mentioned examples in the
storage unit, so that the information processing apparatus 100
can recognize various movements of the user’s hand as indi-
vidual gesture operations.

FIG. 2B illustrates a table that lists examples of a corre-
spondence relationship between an estimated operation and a
gesture recognition area to be set according to an estimation
result. The estimation unit 124 according to the present exem-
plary embodiment identifies an estimated operation name 213
and a recognition area 214 that correspond to each other,
based on an identified target object 210 and a hand position
211 and a hand state 212 that respectively correspond to the
target object.

For example, the estimation unit 124 estimates that the
operation having been performed is a “page turning” opera-
tion if the identified target object 210 is a book, the hand
position 211 is adjacent to the contour of the target object (i.e.,
the book), and the hand state 212 is a “gripping target object”
state. In the present exemplary embodiment, if a part of the
hand is concealed by the target object and is not involved in a
captured image, the estimation unit 124 determines that the
hand state 212 is the “gripping target object” state.

The reason why the estimation unit 124 estimates the
execution of the “page turning” operation based on the above-
mentioned conditions is because a user who intends to turn a
page usually moves the hand toward the contour of the target
object (i.e., the book) to grip an edge of the page and there is
a higher possibility that a finger (i.e., a part of the hand) will
be positioned beneath the page.

Then, after the execution of the “page turning” operation is
estimated by the estimation unit 124, the setting unit 125 sets
a recognition area having a size capable of accommodating
double-page spread of the book and the hand in the “gripping
target object” state so that the hand movement can be fully
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detected in the recognition area. In this manner, a plurality of
pieces of association information, each representing a corre-
spondence relationship between a position at which a user
possibly moves the hand to perform a gesture operation and a
possible hand state at this moment, is stored as illustrated in
FIG. 2B.

FIG. 3 is a flowchart illustrating an example flow of main
processing that can be performed by the information process-
ing apparatus 100 to recognize a gesture operation according
to the present exemplary embodiment. In the present exem-
plary embodiment, the information processing apparatus 100
launches the main processing illustrated in FIG. 3 in response
to a turning-on operation of the power source of the informa-
tion processing apparatus 100. Further, the information pro-
cessing apparatus 100 can launch the main processing illus-
trated in FIG. 3 when a specific application is performed, orin
response to a selection of an operation mode.

In step S301, the setting unit 125 sets a partial area of the
predetermined imaging area of the imaging unit 120, which
includes the entire area of the operation plane 102, as the
gesture recognition area. In this case, a coordinate system that
defines the recognition area is initially set to include the x axis
and the y axis illustrated in FIG. 1A.

In the present exemplary embodiment, the initial setting of
the coordinate system is performed in such a way as to satisfy
the following relationships when seen from the user. The
positive side of the y axis is the forward direction. The nega-
tive side of the y axis is the rearward direction. The positive
side of the x axis is the right direction. And, the negative side
of the y axis is the left direction.

In step S302, the imaging unit 120 starts an image captur-
ing operation in the working space. The detection unit 121
starts detecting a user’s hand and a target object based on the
image captured by the imaging unit 120. In the present exem-
plary embodiment, the detection unit 121 detects a moving
object that is present in the working space based on the image
captured by the imaging unit 120. If the shape of the moving
object is similar to a human hand model stored beforehand,
the detection unit 121 detects the moving object as the user’s
hand. Accordingly, the information processing apparatus 100
can recognize a gesture operation that is performed at this
moment and is not related to the target object.

In step S303, the detection unit 121 determines whether the
target object has been inserted into the working space. In the
present exemplary embodiment, if the shape of the moving
object that is present in the working space is not similar to the
human hand model stored beforehand, the detection unit 121
determines that the user has inserted a physical object, as the
target object, into the working space.

Further, if a user operation having been input is an instruc-
tion to project image data on the operation plane, the detec-
tion unit 121 determines that a virtual object has been inserted
as the target object into the working space upon starting the
image data projection. If it is determined that the target object
has been inserted into the working space (YES in step S303),
the processing proceeds to step S304. When it is determined
that the target object is not yet inserted into the working space
(NO in step S303), the detection unit 121 waits for a while
until the target object is inserted.

In step S304, the detection unit 121 stores a captured image
at the moment when the target object has been inserted into
the working space. In the present exemplary embodiment, the
detection unit 121 stores an image captured by the imaging
unit 120, which is used in the processing when it is deter-
mined that the target object has been inserted in the working
space, in the RAM 113. The above-mentioned captured
image is, for example, an image captured when the user’s
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hand places the target object on the operation plane or when
an instruction to project image data is input.

In step S305, the identification unit 122 identifies the
inserted target object. In the present exemplary embodiment,
if the determination with respect to the insertion of the target
object is based on a projection instruction of image data, the
identification unit 122 identifies that the target object is a
projection image.

On the other hand, if'the inserted object is the target object,
the identification unit 122 performs identification processing
based on the image captured by the imaging unit 120, using an
appropriate image feature analysis method. For example, the
identification unit 122 determines whether the target object is
a book, a paper, or a projection image based on a matching
between image information about an area which includes the
target object placed on the operation plane and a sample
model having been stored beforehand. In this case, if the
target object is the book, the identification unit 122 deter-
mines whether the book is opened or closed.

In step S306, the setting unit 125 sets a recognition area
that suits for the identified target object and the user position.

FIG. 4 is a flowchart illustrating an example flow of the
processing that can be performed by the information process-
ing apparatus 100 in step S306 to set an appropriate recogni-
tion area based on the target object and the user position.

In step S401, the detection unit 121 acquires information
about the size and the position of the target object having been
inserted in the working space, based on the image captured by
the imaging unit 120. In the present exemplary embodiment,
the detection unit 121 detects an area including the captured
target object and extracts positional information indicating a
circumscribed rectangle from the feature points, in the latest
image captured by the imaging unit 120. In other words, the
detection unit 121 acquires information about the size and the
position of the target object. In the present exemplary
embodiment, the detection unit 121 acquires coordinate val-
ues of four vertices that cooperatively constitute the circum-
scribed rectangle. However, it is also useful that the detection
unit 121 acquires coordinate information about at least one
vertex and size information (e.g., the width) about the circum-
scribed rectangle.

In step S402, the setting unit 125 sets a rectangular area that
can encompass the circumscribed rectangle as the recognition
area. In the present exemplary embodiment, in chasing a
user’s hand movement, the information processing apparatus
100 chases the centroid of an area that includes a captured
palm portion. In a case where the user’s hand grips the target
object, the centroid of the area that includes the captured palm
portion is present at a position being offset outward from the
target object.

Accordingly, when the target object is gripped by the user’s
hand, the setting unit 125 sets a rectangular area that is greater
than the circumscribed rectangle by a predetermined mar-
ginal amount, as a new recognition area, so that the centroid
position of the palm can be included in the recognition area.

In step S403, the detection unit 121 reads the captured
image stored in step S304 (i.e., the image captured at the
moment when the target object has been inserted into the
working space) from the RAM 113.

In step S404, the detection unit 121 identifies an insertion
direction of the user’s arm in relation to the working space,
based on the read image. For example, the detection unit 121
extracts the user’s arm and the palm portion from the image
and identifies an intersectional portion where the arm inter-
sects with the contour of the operation plane. The detection
unit 121 designates the direction of a vector that extends from
the specified intersectional portion to the centroid (or the
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center) of the user’s palm as the insertion direction of the
user’s arm. In the present exemplary embodiment, the infor-
mation processing apparatus 100 discards the captured image
stored in the RAM 113 in step S304 when the detection unit
121 has terminated the above-mentioned processing (i.e., the
processing to be performed in step S404).

In step S405, the setting unit 125 estimates the direction of
the user based on the specified insertion direction and sets the
coordinate system to be applied to the recognition area. In the
present exemplary embodiment, it is considered that the vec-
tor passing through the center point of the operation plane and
extending in the direction specified in step S404 coincides
with line-of-sight direction of the user. Further, the start point
of the vector is regarded as the position where the user is
present.

Accordingly, the setting unit 125 designates the direction
extending from the position where the user is present to the
center point of the operation plane as the forward direction
when it is seen from the user. Then, with reference to the
designated direction, the setting unit 125 newly sets a coor-
dinate system that defines the back-and-forth direction and
the right-and-left direction of the user in relation to the rec-
ognition area having been set in step S403. The setting unit
125 specifies the direction of a gesture operation, if the ges-
ture is performed, using the gesture coordinate system having
been set as mentioned above.

In this case, the information processing apparatus 100 can
adjust the recognition area in such a way as to become parallel
to the newly set coordinate system. In the flowchart illustrated
in FIG. 4, the information processing apparatus 100 performs
the coordinate system setting processing after completing the
recognition area (position and size) setting processing. How-
ever, the order of the above-mentioned sequentially per-
formed operations can be reversed if it is preferable.

As mentioned above, in the present exemplary embodi-
ment, at the time when the target object is inserted in the
working space, the information processing apparatus 100 sets
the recognition area having the size suitable for the circum-
scribed rectangle of the target object together with the coor-
dinate system that match the user position.

When the recognition area having the size suitable for the
target object is set, it becomes easy for the user to perform a
gesture operation relating to the target object because the user
is notrequired to perform any exaggerated operation. Further,
when the coordinate system that matches the user is set, the
information processing apparatus 100 can accurately dis-
criminate and recognize each user’s hand movement (e.g., a
movement “from right to left” or a movement “from left to
right™).

In particular, when the processing to be performed on the
image data is processing to be performed without changing
the shape of the target object (e.g., the left or right swiping),
the information processing apparatus 100 can effectively use
the recognition area to be set in step S306. The left or right
swiping can be recognized by detecting the user’s hand that
moves from the right to the left or from the left to the right in
the gesture area having been set.

When the setting of the recognition area and the coordinate
system is completed, the operation returns to the main pro-
cessing illustrated in FIG. 3.

Next, in step S307, the identification unit 122 determines
whether the target object having been inserted in the working
space, i.e., the target object identified in step S305, is a paper
or an opened (or spread) book. If it is determined that the
target object (i.e., the object identified in step S305) is the
paper or the spread book (YES in step S307), the processing
proceeds to step S308. If it is determined that the target object
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(i.e., the object identified in step S305) is not the paper or the
spread book (NO in step S307), the processing proceeds to
step S309.

In step S308, the imaging unit 120 performs reading pro-
cessing on the target object and acquiring image data repre-
senting the content of the paper or the book.

The identification unit 122 and the imaging unit 120 per-
form the processing in steps S307 and S308 based on the
following setting. In the present exemplary embodiment,
placing the paper or the spread book on the operation plane is
an instruction to perform the reading processing on the target
object. Accordingly, when the user sequentially performs a
plurality of reading operations by reversing each paper or
turning each page ofthe book, the user is not required to input
an explicit operation and therefore speedy processing can be
realized. However, the information processing apparatus 100
can omit the processing of steps S307 and S308 if the infor-
mation processing apparatus 100 performs reading process-
ing only when the user performs an operation to instruct the
reading.

In step S309, the specifying unit 123 identifies the state of
the user’s hand in relation to the target object. The specifying
unit 123 determines whether the state of the user’s hand
coincides with any one of example states of the user’s hand
listed in the item 212 of the table illustrated in FIG. 2B.

FIG. 5 is a flowchart illustrating an example flow of the
processing to be performed by the information processing
apparatus 100 in step S309 to detect the state of the user’s
hand.

In step S501, the detection unit 121 detects the present
position of the user’s hand based on the image captured by the
imaging unit 120. In the present exemplary embodiment, the
detection unit 121 obtains a centroid position of a partial area
of the captured image, in which a user’s palm is present, and
designates the obtained centroid position as the position of
the user’s hand. In this case, it is useful to provide a process-
ing step of waiting for a while until the user’s hand becomes
stationary for a predetermined time or more. The detection
unit 121 can accurately identity the state of the user’s hand by
detecting the position where the user’s hand is constantly
stationary.

In step S502, the specifying unit 123 determines whether
the detected user’s hand is positioned on the target object
based on the image captured by the imaging unit 120. If it is
determined that the detected user’s hand is positioned on the
target object (YES in step S502), the processing proceeds to
step S503. If it is determined that the detected user’s hand is
not positioned on the target object (NO in step S502), the
processing proceeds to step S509.

In step S503, the specifying unit 123 determines whether
the state of the user’s hand is a palm spread state, based on the
image captured by the imaging unit 120. In the present exem-
plary embodiment, the specifying unit 123 performs match-
ing processing on a characteristic shape of the area including
the palm with reference to each preliminarily stored model
that represents a palm spread state to determine the state of the
user’s hand. In another step, the information processing appa-
ratus 100 similarly performs processing for determining the
state of the user’s hand. If it is determined that the state of the
user’s hand is the palm spread state (YES in step S503), the
processing proceeds to step S504. If it is determined that the
state of the user’s hand is not the palm spread state (NO in step
S503), the processing proceeds to step S505.

In step S504, the specifying unit 123 specifies the state of
the user’s hand as being in a “pressing from above” state.
Then, the operation returns to the main processing illustrated
in FIG. 3. The processing to be performed in steps S503 and
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S504 is based on an ordinary user’s operation with the hand
being in the spread state when the user moves the paper while
pressing the paper from above, in the present exemplary
embodiment. Thus, the specifying unit 123 can accurately
discriminate the above-mentioned operation from other
operations. However, the state of the user’s hand is not limited
to the palm spread state. The palm spread state can be
replaced by another state.

On the other hand, in step S505, the specifying unit 123
determines whether the state of the user’s hand is a part-of-
fingers stretched state, based on the image captured by the
imaging unit 120. If it is determined that the state of the user’s
hand is the part-of-fingers stretched state (YES in step S505),
the processing proceeds to step S506. If it is determined that
the state of the user’s hand is not the part-of-fingers stretched
state (NO in step S505), the operation returns to the main
processing illustrated in FIG. 3 without specitying the state of
the user’s hand.

In step S506, the specitying unit 123 determines whether
only one finger is stretched based on the image captured by
the imaging unit 120. For example, when the user stretches a
plurality of fingers (e.g., a thumb and an index finger) of one
hand or when the user stretches one or more fingers of each
hand, the specifying unit 123 determines that the number of
the stretched fingers is not only one finger. If it is determined
that only one finger is stretched (YES in step S506), the
processing proceeds to step S507. If it is determined that the
number of the stretched fingers is not only one, namely when
two or more fingers are stretched (NO in step S506), the
processing proceeds to step S508.

In step S507, the specifying unit 123 specifies the state of
the user’s hand as being in a “touching operation plane” state.
Then, the operation returns to the main processing illustrated
in FIG. 3.

In step S508, the specifying unit 123 specifies the state of
the user’s hand as being in a “touching two or more places on
operation plane” state. Then, the operation returns to the main
processing illustrated in FIG. 3.

In step S509, the specitying unit 123 determines whether
the detected position of the user’s hand is adjacent to the
contour of the target object, based on the image captured by
the imaging unit 120. If it is determined that the detected
position of the user’s hand is adjacent to the contour of the
target object (YES in step S509), the processing proceeds to
step S510. If it is determined that the detected position of the
user’s hand is not adjacent to the contour of the target object
(NO in step S509), the operation returns to the main process-
ing illustrated in FIG. 3 without specifying the state of the
user’s hand.

In step S510, the specifying unit 123 determines whether a
part of the user’s hand is concealed by the target object, based
on the image captured by the imaging unit 120. In the present
exemplary embodiment, to perform the determination pro-
cessing in step S510, the specifying unit 123 performs match-
ing processing on features of the shape of an area that includes
the palm with reference to a human hand model stored before-
hand according to which the palm is partly concealed by a
lower or side surface of the target object to grip the target
object. Alternatively, in determining whether the user’s hand
is currently gripping the target object, the specifying unit 123
can determine whether a positional relationship between spe-
cific fingers satisfies a predetermined condition.

If it is determined that the user’s hand is partly concealed
by the target object (YES in step S510), the processing pro-
ceeds to step S511. If it is determined that the state of the
user’s hand is not the part-of-fingers stretched state (NO in
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step S510), the operation returns to the main processing illus-
trated in FIG. 3 without specifying the state of the user’s hand.

In step S511, the specifying unit 123 determines whether
the position of the user’s hand, which has been determined as
being partly concealed by the target object, is present between
two places that sandwich the target object. If it is determined
that the position of the user’s hand is present between two
places that sandwich the target object (YES in step S511), the
processing proceeds to step S512. If it is determined that the
position of the user’s hand (i.e., the state of the user’s hand) is
not present between two places that sandwich the target
object (NO in step S511) the processing proceeds to step
S513.

In step S512, the specifying unit 123 specifies the state of
the user’s hand as being in a “lifting target object” state. Then,
the operation returns to the main processing illustrated in
FIG. 3. In the present exemplary embodiment, the processing
to be performed in step S512 is based on an ordinary user’s
operation to lift the book with both hands, which can be
discriminated from the page turning operation.

However, for example, a thin book that is similar to a paper
may be handled in an actual operation. In this case, it is
feasible to move the target object while pressing the target
object. If the method selected by the user is moving the target
object while pressing it from above, the user’s hand can be
specified as being in the “pressing from above” state through
the processing in steps S502, S503, and S504.

In step S513, the specifying unit 123 specifies the state of
the user’s hand as being in the “gripping target object” state.
Then, the operation returns to the main processing illustrated
in FIG. 3.

Referring back to the main processing flowchart illustrated
in FIG. 3, in step S310, the estimation unit 124 estimates an
operation to be performed next. The estimation unit 124 refers
to the operation dictionary stored in the storage unit 127 and
identifies an operation that is associated with the state of the
user’s hand specified in the processing of step S309 and the
target object identified in step S305.

The operation dictionary stores association information
which is, for example, illustrated in FIG. 2B. If the operation
corresponding to the combination of the state of the user’s
hand specified in the processing of step S309 and the target
object identified in step S305 is not stored in the operation
dictionary, the estimation unit 124 generates an estimation
result informing that any specific operation cannot be esti-
mated. Similarly, when the state of the user’s hand cannot be
specified in step S309, the estimation unit 124 generates an
estimation result informing that any specific operation cannot
be estimated.

In step S311, the estimation unit 124 determines whether
the specific operation has been estimated. If a gesture opera-
tion stored in the operation dictionary can be specified as the
processing result obtained in step S310, it is determined that
the specific gesture operation has been estimated (YES in step
S311). Then, the processing proceeds to step S312. If a spe-
cific gesture operation cannot be estimated as the processing
result obtained in step S310, it is determined that the specific
gesture operation has not been estimated (NO in step S311).
Then, the processing proceeds to step S313.

Instep S312, the setting unit 125 resets the recognition area
by performing processing that is suitable for each estimated
operation. The processing to be performed for each estimated
operation is described in detail below.

In step S313, the recognition unit 126 recognizes a user’s
gesture operation in the gesture recognition area having been
set in step S312. The information processing apparatus 100
responds to the gesture operation performed by notifying
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each functional unit of the recognized result. For example, the
imaging unit 120 performs reading processing. The display
control unit 128 changes the content of an image to be pro-
jected on the operation plane and output the changed image
data to the display unit 129. If no gesture operation is per-
formed during a predetermined period of time, the processing
directly proceeds to step S314.

In step S314, the recognition unit 126 determines whether
a termination instruction has been input. The termination
instruction is, for example, an operation to turn off the power
source of the information processing apparatus 100 or an
instruction to terminate the application based on a GUI opera-
tion. If it is determined that the termination instruction has
been input (YES in step S314), the information processing
apparatus 100 terminates the main processing illustrated in
FIG. 3. If it is determined that the termination instruction has
not been input (NO in step S314), the processing proceeds to
step S315.

In step S315, the detection unit 121 determines whether the
target object determined as being inserted in the working
space in step S303 has been removed from the working space,
based on the image captured by the imaging unit 120. If it is
determined that the target object has been removed from the
working space (YES in step S315), the operation returns to
step S301. If it is determined that the target object has not
been removed from the working space (NO in step S315), the
operation returns to step S309 in which the specifying unit
123 repetitively estimates an operation to be performed next
and resets the recognition area.

FIGS. 6 A to 6D are flowcharts each illustrating an example
of the processing to be performed in step S312, to set the
recognition area that is suitable for each estimated operation.
Each processing is described in detail below.
<In Case of “Paper Moving”, “Book Moving”, and “Drag-
ging” operations>

FIG. 6A is a flowchart illustrating an example of the rec-
ognition area reset processing, which is preferably employ-
able when the estimated operation is any one of “paper mov-
ing”, “book moving”, and “dragging” operations.

In step S601, the setting unit 125 suppresses the recogni-
tion unit 126 from performing the gesture recognition pro-
cessing in the present recognition area. As indicated in the
recognition area 214 of FIG. 2B, when the estimated gesture
is any one of “paper moving”, “book moving”, and “drag-
ging” operations, the information processing apparatus 100
does not perform the gesture operation recognition process-
ing until the movement terminates, in order to prevent the
user’s hand movement from being erroneously recognized as
the movement of a gesture operation in the case where the
user’s hand moving the target object is included in the recog-
nition area.

In step S602, the detection unit 121 determines whether the
movement of the target object in the working space has been
completed, based on the image captured by the imaging unit
120. In the present exemplary embodiment, the detection unit
121 determines that the movement has been completed if the
target object area of the captured image is stationary for a
predetermined time or more.

When the gesture operation is the “dragging” operation,
the information processing apparatus 100 additionally per-
forms processing for changing the display position of image
data according to the movement of a touch position. If it is
determined that the movement has been completed (YES in
step S602), the processing proceeds to step S603. If it is
determined that the movement has not yet been completed
(NO in step S602), the detection unit 121 repeats the process-
ing in step S602 until the movement is completed.
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In step S603, the detection unit 121 acquires positional
information indicating a circumscribed rectangle of the sta-
tionary target object based on the image captured by the
imaging unit 120.

In step S604, the setting unit 125 sets a rectangular area that
can encompass the circumscribed rectangle, as a new recog-
nition area, based on the positional information acquired in
step S603. The processing to be performed in steps S603 and
S604 is similar to the processing having been performed in
steps S401 and S402.

As mentioned above, if the estimated operation to be per-
formed next is any one of “paper moving”, “book moving”,
and “dragging” operations, the information processing appa-
ratus 100 resets the gesture operation recognition area with
reference to the moved target object while suppressing any
error recognition of the gesture that may occur before the
movement terminates.
<In Case of “Reversing” Operation>

FIG. 6B is a flowchart illustrating an example of the rec-
ognition area reset processing, which is preferably employ-
able when the estimated operation is the “reversing” gesture
operation.

In step S611, the detection unit 121 identifies a gripped
portion of a paper. For example, if the paper to be processed
is a rectangular paper, the detection unit 121 determines
whether the gripped portion is any one of front, rear, left, and
right sides of the rectangular paper, when seen from the user,
ora portion around the center of the side, or a portion adjacent
to the edge of the paper, with reference to the coordinate
system being set on the operation plane.

Instep S612, the setting unit 125 estimates a range in which
the reversing operation will be performed based on the speci-
fied portion. In general, when the user intends to place the
paper again at the original position on the operation plane
after reversing the paper, the size or the direction of the range
in which the user’s hand moves in the reversing operation is
variable depending on the gripped portion of the paper.

In the present exemplary embodiment, the range in which
the reversing operation will be performed is a range in which
the centroid of an area including the palm of the user who
performs the reversing operation moves, in the image cap-
tured by the imaging unit 120. For example, in the case where
the user reverses a piece of paper, it is feasible to reverse the
paper without greatly moving the hand in the direction
extending along the x-y plane if the gripped portion is the
center of the side of the paper. On the other hand, in the case
where the user reverses the paper while holding an edge
thereof, it can be considered that there is a higher possibility
that the movement of the hand will not be negligible in the
direction extending along the x-y plane.

As an example, if the portion gripped by the user is the
foreside of the paper and is relatively adjacent to the left end
thereof, there is a higher possibility that the hand may move in
the right direction when the user performs the reversing
operation. Further, ifthe portion gripped by the user is the rear
side of the paper and is relatively adjacent to the right end
thereof, there is a higher possibility that the hand may move in
the forward direction when the user performs the reversing
operation.

As mentioned above, when the position gripped by the user
is offset to an edge of the paper, it can be estimated that the
range in which the reversing operation will be performed is
wide, compared to a case where the gripped position is the
center of an edge of the paper.

Itis desired that the estimated range has a sufficiently larger
size considering the possibility that an irregular movement
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may occur in the reversing operation or in the case where the
shape of the paper is not rectangular.

In the present exemplary embodiment, when the informa-
tion processing apparatus chases the movement of the user’s
hand, the information processing apparatus chases the cen-
troid of the area including the image-captured palm portion.
When the user grips the target object, the centroid of the area
including the image-captured palm portion is positioned out-
side the target object. Accordingly, when the user’s hand grips
the target object, the information processing apparatus sets a
rectangular area with a predetermined marginal portion
added to the circumscribed rectangle, as a new recognition
area, in such a way as to include the centroid position of the
palm in the recognition area.

The information processing apparatus performs the above-
mentioned processing for standard operations. However,
when the movement of a specific user is unusual, it is useful
that the user can register a relationship between a paper grip-
ping position in the reversing operation and an operation area
beforehand.

In step S613, the setting unit 125 resets the recognition area
in such a way as to encompass the range estimated in step
S612. In the present exemplary embodiment, the setting unit
125 performs the reset processing in such a way as to extend
the recognition area by adding the range having been esti-
mated in step S612 to the recognition area having been set in
step 306.

As mentioned above, when it is estimated that the “revers-
ing” operation is next performed, the information processing
apparatus 100 resets the gesture operation recognition area to
expand the recognition area in such a way as to include a
range in which the user’s hand may move in the process of
performing the reversing operation.
<In Case of “Page Turning” Operation>

FIG. 6C is a flowchart illustrating an example of the rec-
ognition area reset processing, which is preferably employ-
able when the estimated operation is the “page turning” ges-
ture operation.

In step S621, the detection unit 121 identifies a gripped
portion of the book. In the present exemplary embodiment,
the detection unit 121 determines whether the portion gripped
by the user is any one of front, rear, left, and right sides of the
front cover or a page of the book, when seen from the user, or
positioned closely to an edge of the book, with reference to
the coordinate system being set on the operation plane.

In step S622, the setting unit 125 identifies the opening
direction of the book. In the present exemplary embodiment,
based on the result of image analysis performed on the image
captured by the imaging unit 120, the setting unit 125
acquires information indicating the position of the spine of
the book in the gesture coordinate system or information
indicating the writing direction (e.g., horizontal or vertical) of
the text.

Further, in the present exemplary embodiment, when the
identification unit identifies the target object in step S305, the
identification unit can additionally identify whether the book
is in a closed state or in an opened state. Accordingly, when
the book is in an opened state, the setting unit 125 can detect
a boundary line of the opened page based on the image analy-
sis and can specify a direction perpendicular to the boundary
line as an opening direction of the book.

Further, if the information processing apparatus cannot
clearly discriminate the spine based on image features (e.g.,
when the processing target book is a pamphlet or any other
thin book) in the closed state of the book, the setting unit 125
can estimate the opening direction of the book when the book
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is opened by the user based on the positional information
about the user’s hand specified in step S621.

Instep S623, the setting unit 125 estimates a range in which
the page turning operation will be performed. In the present
exemplary embodiment, the range in which the page turning
operation will be performed is a range in which the centroid of
the area that includes the palm portion of the user who per-
forms the page turning operation is movable, in the image
captured by the imaging unit 120.

In this case, the estimation range of the setting unit 125 is
arange in which the user’s hand may move, which can be set
in such a way as to encompass at least two times the width of
one page in the book opening direction estimated in step
S622. For example, when dx [dot] represents the horizontal
width (i.e., the width in the y axis direction) of one page in the
case where the book opening direction is the right-and-left
direction in the user’s coordinate system, the setting unit 125
estimates that the movable range of the user’s hand is com-
parable to at least 2dx [dot] when the user performs the
turning operation.

In step S624, the setting unit 125 resets the recognition area
in such a way as to add the range estimated in step S623. Inthe
present exemplary embodiment, the setting unit 125 expands
the recognition area by adding the range estimated in step
S623 to the recognition area having been set in step 306.

As mentioned above, when it is estimated that the “page
turning” operation is next performed, the information pro-
cessing apparatus 100 resets the gesture operation recogni-
tion area to expand the recognition area in such a way as to
include the range in which the user’s hand may move in the
process of performing the page turning operation.
<In Case of “Image Modifying” Operation>

FIG. 6D is a flowchart illustrating an example of the rec-
ognition area reset processing, which is preferably employ-
able when the estimated operation is the “image modifying”
operation.

In step S631, the setting unit 125 suppresses the recogni-
tion unit 126 to prevent the gesture recognition processing in
the present recognition area. The processing to be performed
in step S631 intends to prevent a user’s touch operation from
being erroneously recognized as the movement of a gesture
operation in the case where the user’s hand movement for
giving an instruction to modify image data is included in the
recognition area.

In step S632, the recognition unit 126 recognizes the touch
operation. The display control unit 128 modifies the image
data according to the recognized operation and outputs the
modified image data to the display unit 129.

In step S633, the recognition unit 126 determines whether
the touch operation has been completed. In the present exem-
plary embodiment, if the output of the distance sensor 105
indicates that the user’s hand cannot be detected within the
predetermined distance from the surface of the operation
plane, the recognition unit 126 determines that the touch
operation has been completed. If it is determined that the
touch operation has been completed (YES in step S633), the
processing proceeds to step S634. If it is determined that the
touch operation is not yet completed (NO in step S633), the
recognition unit 126 repeats the processing in step S633 until
the touch operation is completed.

In step S634, the detection unit 121 acquires positional
information indicating a circumscribed rectangle of the target
object (i.e., the modified image data, in this case), based on
the image captured by the imaging unit 120.
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Instep S635, the setting unit 125 sets a rectangular area that
can encompass the circumscribed rectangle, as a new recog-
nition area, based on the positional information acquired in
step S634.

As mentioned above, if the estimated operation to be per-
formed next is the “image modifying” operation, the infor-
mation processing apparatus 100 resets the gesture operation
recognition area with reference to the moved target object
while suppressing any error recognition of the gesture that
may occur before the touch operation is completed.

As mentioned above, the information processing apparatus
100 according to the present exemplary embodiment esti-
mates an operation that will be performed by a user and sets
an appropriate gesture recognition area that is suitable for the
gesture operation to be performed next.

Next, an example of the user’s gesture operation and an
example of the gesture recognition area that is suitable for the
user’s gesture operation are described in detail below.
<Example of “Reversing” Operation>

FIGS. 7A to 7D illustrate an example of the “reversing”
operation, which is seen from above, on the operation plane.
Accordingly, it is presumed that the y axis is set to extend in
the up-and-down direction and the x axis is set to extend in the
right-and-left direction, on the paper surface.

FIG. 7A illustrates a state in which a paper 700 has been
inserted in the working space. An area 701a is a gesture
recognition area having been set by the setting unit 125 in step
S306. Inthis case, the position of a user’s hand 702 is adjacent
to the contour of the target object (YES in step S509) and a
part of the user’s hand 702 is concealed by the target object
(YES in step S510). Further, the position of the user’s hand
702 is limited to only one place (NO in step S511). Accord-
ingly, the specifying unit 123 specifies the state of the user’s
hand as being in the “gripping target object” state (see step
S513). Further, taking the fact that the target object is a paper
into consideration, the estimation unit 124 estimates that the
user will perform the “reversing” operation (see step S310).

FIG. 7B illustrates a state where the gesture recognition
area has been reset because the estimated operation is the
“reversing” operation. From the illustration of FIG. 7B, it can
be specified that the position of the paper (i.e., the target
object) gripped by the user’s hand 702 is adjacent to the right
side of the paper and close to the lower side thereof (see step
S611). In the reversing operation, there is a higher possibility
that the user’s hand may greatly move toward a positive side
of'the y axis direction. Accordingly, the information process-
ing apparatus resets the recognition area in such a way as to
expand greatly in the up-and-down direction (i.e., the y axis
direction) and have a sufficiently large size in the right-and-
left direction (i.e., the x axis direction), as indicated by an area
7015 (see step S613).

FIG. 7C illustrates a state in which the user has actually
started the reversing operation. The position of the user’s
hand is in the recognition area 7015. Compared to FIGS. 7A
and 7B, the user’s hand is positioned upward (i.e., the positive
side of the y axis). Further, it is understood that the paper 700
has been reversed because the paper 700 remains the same in
the working space and the content of the paper 700 is differ-
ent.

FIG. 7D illustrates a stationary state of the hand 702 at the
time when the reversing operation has been completed. The
information processing apparatus determines that the gesture
operation has been completed when the user removes the
hand 702 from the recognition area 701d (namely, when the
hand 702 exits from the area 701d). The recognition unit 126
can recognize the “reversing” operation by detecting the
motion of the user’s hand 702 reversed together with the
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paper 700 or by comparing a moving amount of the hand
position with a gesture model. For example, in the present
exemplary embodiment, the information processing appara-
tus reads the reversed paper if it is determined that the “revers-
ing” operation has been completed (see step S313).
<Example of “Page Turning” Operation>

Each of FIG. 8 and FIG. 9 illustrates an example of the
recognition area in the case where the “page turning” opera-
tion has been estimated. Similar to FIGS. 7A to 7D, it is
presumed that the y axis is set to extend in the up-and-down
direction and the x axis is set to extend in the right-and-left
direction, on the operation plane, when seen from above.

FIG. 8A illustrates a state of a book 800 that has been
inserted in the working space. An area 801a is the gesture
recognition area that has been set by the setting unit 125 in
step S306. In this case, the position of a user’s hand 802 is
adjacent to the contour of the target object (YES in step S509)
and the target object is partly concealed (YES in step S510).
Further, the position of the user’s hand 802 is limited to only
one place (NO in step S511). Accordingly, the specifying unit
123 specifies the state of the user’s hand as being in the
“gripping target object” state (see step S513). Further, taking
the fact that the target object is the book into consideration,
the estimation unit 124 estimates that the user will perform
the “page turning” operation (see step S310).

FIG. 8B illustrates a state where the gesture recognition
area has been reset because the estimated operation is the
“page turning” operation. From the illustration of FIG. 8B, it
can be specified that the position of the book (i.e., the target
object) gripped by the user’s hand 802 is adjacent to the right
side of the book and close to the lower side thereof (see step
S621). The spine of the book 800 is present on the left side of
the target object. Further, a string of characters written on the
book is horizontal.

Based on the above-mentioned information, the setting
unit 125 determines that the opening direction of the book 800
is the left direction (see step S622). Accordingly, in the page
turning operation, there is a higher possibility that the user’s
hand may greatly move toward a negative side of the x axis.
Accordingly, the information processing apparatus resets the
recognition area in such a way as to expand greatly in the left
direction (i.e., the negative side of the x axis direction) to
encompass at least the width of a spread page and have a
sufficiently large size in the up-and-down direction (i.e., the y
axis direction), as indicated by an area 8015 (see step S623).

On the other hand, FIG. 8C illustrates a state of a book 803
that has been inserted in the working space. An area 801c¢ is
the gesture recognition area that has been set by the setting
unit 125 in step S306. FIG. 8C is different from FIG. 8A in
that the opening direction of the book 803 is the right direc-
tion. Accordingly, the information processing apparatus
resets the recognition area in such a way as to expand in the
right direction (i.e., the positive side of the x axis direction) to
encompass at least the width of a spread page and have a
sufficiently large size in the up-and-down direction (i.e., the y
axis direction), as indicated by an area 801d in FIG. 8D.

Similarly, FIG. 9A illustrates a state of a book 900 that has
been inserted in the working space. An area 901a is the
gesture recognition area that has been set by the setting unit
125 in step S306. In the illustration of FIG. 9A, it can be
specified that the book 900 can be opened in the upward
direction based on the position of the spine and the position of
a user’s hand 902.

Accordingly, the information processing apparatus resets
the recognition area in such a way as to expand in the upward
direction (i.e., the positive side of the y axis direction) to
encompass at least the width of a spread page and have a
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sufficiently large size in the right-and-left direction (i.e., the x
axis direction), as indicated by an area 9015 in FIG. 9B.

Similarly, FIG. 9C illustrates a state of a book 903 that has
been inserted in the working space. An area 901c¢ is the
gesture recognition area that has been set by the setting unit
125 in step S306. In the illustration of FIG. 9C, it can be
specified that the book 903 can be opened in the downward
direction based on the position of the spine and the position of
the user’s hand 902. Accordingly, the information processing
apparatus resets the recognition area in such a way as to
expand in the downward direction (i.e., the negative side of
the y axis direction) to encompass at least the width of a
spread page and have a sufficiently large size in the right-and-
left direction (i.e., the x axis direction), as indicated by an area
9014 in FIG. 9D.

FIGS. 10A, 10B, and 10C illustrate an example of opera-
tional states of the “page turning” operation, which have been
seen from a point of view positioned above the operation
plane. Accordingly, it is presumed that the coordinate system
being set in relation to the paper surface includes a y axis
extending in the vertical direction and an x axis extending in
the horizontal direction.

FIG. 10A is identical to FIG. 8B. The area 8015 is the
gesture recognition area having been set to recognize a page
turning operation if it is performed on the book 800 that opens
in the left direction. The information processing apparatus
starts detecting the user’s hand 802 after completing the set-
ting of the recognition area 8015 and chases the movement of
a user’s gesture operation.

FIG. 10B illustrates a state where the user is actually per-
forming a page turning operation. The hand 802 is positioned
in the recognition area 8015. Compared to the state illustrated
in FIG. 10A, the hand 802 is positioned on the left side (i.e.,
in the negative side of the x axis). Further, it is understood that
the book 800 is in an opened state because the book 800
stretches in the right-and-left direction and the content
thereof is not the same although the book 800 remains in the
working space.

FIG. 10C illustrates a stationary state of the hand 802 when
the user completes the page turning operation. The recogni-
tion unit 126 can recognize that the “page turning” operation
has been started by detecting a change of the content on the
spread page of the book 800 or by comparing a moving
amount of the hand position with a gesture model.

For example, in the present exemplary embodiment, if the
user’s hand and the target object (i.e., the book) are stationary
for a predetermined time during the “page turning” operation,
the information processing apparatus repetitively performs
reading a newly readable spread page. Then, the information
processing apparatus determines that the “page turning”
operation has been completed when the user removes the
hand 802 from the recognition area 8015 (namely, when the
hand 802 exits from the area 8015) (see step S313).

As mentioned above, the information processing apparatus
according to the present exemplary embodiment can recog-
nize a plurality of types of gesture operations relating to
various target objects. Inthis case, the information processing
apparatus can estimate a gesture operation to be performed
next based on the target object and peripheral status and can
set a gesture recognition area that is suitable for each opera-
tion. In other words, it becomes feasible to improve the oper-
ability of the gesture operation relating to the target object
because the user is not required to perform any exaggerated
operation.

In the present exemplary embodiment, user’s hand opera-
tions, such as “paper moving”, “book moving”, “dragging”,
and “image modifying” operations, are preparatory opera-
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tions prior to the gestures to be performed next. Accordingly,
after the resetting of a recognition area is performed in
response to a preparatory operation, the information process-
ing apparatus may repeat the processing from step S309 ofthe
flowchart illustrated in FIG. 3 to perform the next gesture
operation.

For example, after a user performs a “dragging” operation
to move image data, the user may perform a swiping opera-
tion to modify the image data to be displayed. In such a case,
it is feasible to effectively use the reset recognition area.
Further, after a user performs a “paper moving” operation to
move a paper, the user may perform a “reversing” operation.
In such a case, the information processing apparatus performs
recognition area reset processing to set a new recognition area
that is suitable for the “reversing” operation in response to a
user’s motion that grips the paper again.

As mentioned above, in various situations, the information
processing apparatus can set an appropriate recognition area
that is appropriately applicable to a gesture operation to be
performed next. Therefore, each user can easily perform a
gesture operation relating to a target object because the useris
not required to perform unnaturally exaggerated operation.

In the above-mentioned first exemplary embodiment, the
target object is anyone of the paper, the book, and the pro-
jected image data. However, the target object is not limited to
the above-mentioned examples. For example, the above-
mentioned example can be replaced by a three-dimensional
object (e.g., a box or a bottle). For example, it is feasible to
read a package design on a candy box.

Further, in the first exemplary embodiment, the estimation
unit 124 selects a user’s gesture operation that will be possi-
bly performed next from a predetermined number of gestures
registered beforehand in the dictionary, to estimate an actual
gesture operation. However, the processing to be performed
by the estimation unit 124 can be replaced by simpler estima-
tion processing.

For example, in the case where the portion gripped by the
user’s hand is a left edge of the target object, the estimation
unit 124 estimates that an operation using the left hand has
been performed. In this case, the setting unit 125 can set a
partial imaging area that includes a sufficiently wide region
extending leftward from the position where the user grips the
target object, as a new gesture recognition area.

On the other hand, in the case where the portion gripped by
the user’s hand is a right edge of the target object, the esti-
mation unit 124 estimates that an operation using the right
hand has been performed. In this case, the setting unit 125 can
set a partial imaging area that includes a sufficiently wide
region extending rightward from the position where the user
grips the target object, as a new gesture recognition area.

Further, in the first exemplary embodiment, the informa-
tion processing apparatus sets a coordinate system that
matches the state of a user’s arm at the time when the user has
inserted the target object (see step S306). Further, when the
movement added by the user includes a rotation of the target
object, the information processing apparatus can reset the
coordinate system based on the direction of the user’s arm by
performing processing that is similar to the processing in step
S306 when the rotation has been completed.

Through the above-mentioned processing, for example,
even when the user moves or rotates the target object accord-
ing to a changed standing position, the information process-
ing apparatus can accurately discriminate and recognize the
movement of the user’s hand.

Further, in the first exemplary embodiment, only one user
performs an operation relating to one target object. However,
a plurality of users can perform individual operations on a
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plurality of target objects. In this case, when the information
processing apparatus determines whether the target object
has been inserted (see step S303), the information processing
apparatus confirms the number of target objects. In the sub-
sequent processing, the information processing apparatus
sets a plurality of recognition areas for the confirmed number
of the target objects.

Further, in the processing for setting a recognition area that
matches the target object and the user position (see step
S306), the information processing apparatus confirms the
number of users by discriminating the direction of each user’s
arm and sets a coordinate system for each user. Thus, the
information processing apparatus can set an optimum gesture
recognition area for each user even in the case where a plu-
rality of users can simultaneously access the apparatus from
various directions. Therefore, it becomes feasible to improve
the operability in each gesture operation relating to the target
object.

Other Embodiments

Embodiments of the present invention can also be realized
by a computer of a system or apparatus that reads out and
executes computer executable instructions recorded on a stor-
age medium (e.g., non-transitory computer-readable storage
medium) to perform the functions of one or more of the
above-described embodiment(s) of the present invention, and
by a method performed by the computer of the system or
apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium to
perform the functions of one or more of the above-described
embodiment(s). The computer may comprise one or more of
a central processing unit (CPU), micro processing unit
(MPU), or other circuitry, and may include a network of
separate computers or separate computer processors. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed computing
systems, an optical disk (such as a compact disc (CD), digital
versatile disc (DVD), or Blu-ray Disc (BD)™), a flash
memory device, a memory card, and the like.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-118875 filed Jun. 5, 2013, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An information processing apparatus operable to recog-
nize a gesture operation performed by a gesture object based
on an image of a predetermined area captured by an imaging
unit the information processing apparatus comprising:

an acquisition unit configured to acquire positional infor-
mation about a target object present in the predeter-
mined area;

a setting unit configured to set a partial area of the prede-
termined area as a gesture recognition area of at least one
gesture operation corresponding to the target object; and

a recognition unit configured to recognize the gesture
operation performed by the gesture object based on a
partial portion of the image obtained by the imaging
unit, the partial portion corresponding to the gesture
recognition area set by the setting unit.
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2. The information processing apparatus according to
claim 1, further comprising:

a specifying unit configured to specify a state of the gesture

object based on the image,

wherein the setting unit is configured to set the gesture

recognition area based on the positional information
about the target object acquired by the acquisition unit
and the state of the gesture object having been specified
by the specifying unit.

3. The information processing apparatus according to
claim 2, further comprising:

an identification unit configured to identify the target

object whose positional information has been acquired
by the acquisition unit; and

an estimation unit configured to estimate a gesture opera-

tion to be performed by the gesture object based on the
target object identified by the identification unit and the
state of the gesture object specified by the specifying
unit,

wherein the setting unit is configured to set the gesture

recognition area according to an estimation result
obtained by the estimation unit.

4. The information processing apparatus according to
claim 1, wherein the setting unit is configured to set a coor-
dinate system that defines the direction of the gesture opera-
tion in the gesture recognition area based on the image cap-
tured by the imaging unit when the target object whose
positional information has been acquired by the acquisition
unit is inserted into the predetermined area by the gesture
object.

5. The information processing apparatus according to
claim 3, wherein the gesture object includes a user’s hand and
the estimation unit is configured to estimate a gesture opera-
tion performed by the user’s hand against the target object
identified by the identification unit based on the state of the
user’s hand specified by the specifying unit.

6. The information processing apparatus according to
claim 3, wherein the identification unit is configured to iden-
tify that the target object includes a paper or a book.

7. The information processing apparatus according to
claim 6, wherein when the identification unit identifies that
the target object is a paper and the specifying unit specifies
that the user’s hand is gripping the target object detected by a
detection unit, the estimation unit estimates that the user’s
hand will perform a gesture operation to reverse the paper,
and

the setting unit is configured to reset the gesture recogni-

tion area in such a way as to include a range in which the
user’s hand will possibly move when the user’s hand
reverses the paper.

8. The information processing apparatus according to
claim 6, wherein when the identification unit identifies that
the target object is a book and the specifying unit specifies
that the user’s hand is gripping the target object detected by a
detection unit, the estimation unit estimates that the user’s
hand will perform a gesture operation to turn a page of the
book, and

the setting unit is configured to reset the gesture recogni-

tion area in such a way as to include a range in which the
user’s hand will possibly move when the user’s hand
turns the page of the book.

9. The information processing apparatus according to
claim 1, wherein the target object includes a virtual object
displayed in the predetermined space, which can be displayed
by a display unit, and a physical object inserted in the prede-
termined space.
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10. The information processing apparatus according to
claim 9, wherein when the identification unit identifies the
target object detected by a detection unit as the virtual target
object displayed by the display unit in the predetermined
space, the recognition unit recognizes a swiping operation in
which the gesture object changes the virtual target object to be
displayed in the predetermined space, according to a travers-
ing movement crossing an area, which has been set around the
target object by the setting unit, of the display unit.

11. A method for controlling an information processing
apparatus operable to recognize a gesture operation per-
formed by a gesture object based on an image of a predeter-
mined area captured by an imaging unit, the control method
comprising:

acquiring positional information about a target object

present in the predetermined area;

setting a partial area of the predetermined area, the partial

area corresponding to the acquired positional informa-
tion about the target object as a gesture recognition area
of at least one gesture operation corresponding to the
target object; and

recognizing the gesture operation performed by the gesture

object based on a partial portion of the image captured
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by the imaging unit, the partial portion corresponding to
the set gesture recognition area.
12. The information processing apparatus control method
according to claim 11, further comprising:
specifying a state of the gesture object based on the image,
wherein the setting includes an operation to set the gesture
recognition area based on the acquired positional infor-
mation about the target object and the specified state of
the gesture object.
13. The information processing apparatus control method
according to claim 12, further comprising:
identifying the acquired target object; and
estimating a gesture operation to be performed by the ges-
ture object based on the identified target object and the
specified state of the gesture object,
wherein the setting includes an operation to set the gesture
recognition area according to an estimated result.
14. A computer readable storage medium that stores a

20 program that causes a computer to function as each unit ofthe

information processing apparatus according to claim 1.
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